Farmers in the flood-prone areas of Faridpur district have innovated rice-based farming technologies to improve their farm production and household income. One of such innovations is relay cropping of modern variety (MV) rice with jute. In order to investigate the detail socioeconomic issues of this farmer-led innovation, a survey-based study was undertaken during 2003. The analysis revealed that, following Jute + rice relay cropping method, farmers could enrich their farm productivity and household income. Farmers' innovation involves lesser production costs compared to the conventional method and obtained much higher gross margin. Moreover, the new method proved to be advantageous in several ways: (i) the innovation involves about 6% less labour in MV Aman cultivation; (ii) under this technology, MV Aman rice can escape water stress in October, i.e. needs no supplemental irrigation; (iii) farmers have the scope of bearing almost 20% less input cost; and (iv) farmers can avoid the botheration of Aman seed bed preparation. Partial budget analysis further showed that, farmers could receive higher profit of Tk.4021/ha through MV rice production as relay cropping with Jute compared to that of rice production as sequential cropping.
Introduction
The flood-prone ecosystem consists of the depressed basins and low land areas, which are subject to flooding either due to monsoon rainfall or tidal inundation or both. In Bangladesh, such flood-prone ecosystem covers about 5.5 to 6.5 million hectares of cultivable land (Husain, 2004) . In a different estimate it was evident that the total flood prone areas cover almost 6.88 million hectares (Zaman, 1986) . About 22% of the total Transplanted Aman (T. Aman) rice is grown in the flood-prone areas (BBS, 2004) . A large portion of the flood prone land is still remaining single cropped where flooding depth is above 90 cm, but in the medium high land or medium low land areas usually double cropping is practiced. In such flood-prone medium high land areas under Bhanga Upazila of Faridpur district, there are few cropping patterns commonly followed by the farmers. Among those cropping patterns, jute production followed by transplanted Aman (mainly traditional aman varieties) is an important one.
However, it has been reported by the farmers in the flood-prone areas of Bhanga upazilla, Faridpur district, that they have innovated ricebased technologies to improve their land productivity and household income as well. The innovation is relay cropping of MV rice with jute or chili. The farmers in the area sometimes grow modern variety rice, instead of a traditional variety immediately after a modern variety of boro (winter) rice. However, the potentialities as well as the socio-economic aspects of the aforesaid farmer-led innovation is not known. Documentation of such innovations could help transferring such technologies to other similar environments of the country and help researchers for bringing improvements of such technologies. The present study was, therefore, carried out in order to:
 document analytically the emerging farmers' innovations in rice production in the Bhanga area;  determine the economic benefits derived from the innovations in farmers' practice; and  identify the potentials for transferring the technology to other areas of the country.
Methodology
The study was conducted at Dharmadi village under Nurullaganj Union of Bhanga upazila in Faridpur district during Kharif (1& 2) seasons in 2003. In terms of ecology, the area falls under the flood-prone ecosystem. Data for this study were generated in two steps.
(a) Informal interview with the key informants or focal group discussion, and (b) Formal survey using structured and pretested questionnaire.
At the first step, a group discussion was held with about 25 farmers (key informants) of the aforesaid village. A research team consisting of Agronomist, Economist and Extension specialist were engaged in carrying out the focal group discussion. The group discussion was mainly confined on socio-economic aspects of the farm households, physical description of production activities, access to resources, post harvest practices and common facilities and constraints to farming activities. In the process, a checklist was used to collect all the relevant information of the selected village.
At the second step, formal survey was conducted in limited scale to collect data on crop production practices, resource availability, technology adoption, input use pattern and input output prices etc. The survey was done using structured and pre-tested questionnaire made in consistence with the objectives of the study. For the formal survey a total of 40 sample households were randomly selected to collect the required data. Mainly descriptive statistics were employed to analyze the collected information. In addition, partial budget analysis was done to determine the relative profitability of different cropping patterns.
Empirical Results

History of the innovation
About fifty years back farmers used to grow jute and indigenous Aman rice variety together (as mixed crop). Both jute and local variety (LV) Aman seeds were broadcasted in April-May. Jute was harvested during late August to September while the LV Aman was harvested in early to mid October.
At the initial practice, the indigenous rice varieties namely Bashiraj, Kalasail, Kajalsail etc. were broadcasted and grown as mixed crop with jute, but these varieties used to yield very low.
One local farmer named Mr. Kala Chan Sikari of Village Dharmadi started this practice about 10 years back. According to the key informants' report, Mr Kala Chan Sikari came to know the practice from the farmers of the adjacent district Jessore and he started practicing it in his plot. Subsequently other farmers at the similar ecology started adopting the method and that is how the technology became popular.
Reasons for practicing jute + paddy relay cropping
According to the statements of the farmers, the aforesaid cropping practice has three main advantages: (a) requires less labour, (b) needs less irrigation, and (c) involves less production costs. Usually the land remains fallow after harvesting jute because of unavailability of irrigation (since transplanted Aman requires supplemental irrigation some times in the month of October). Furthermore, by way of adopting this cropping pattern, farmers had been able to uplift the farm productivity that helped them raising their household income and livelihoods.
Improvement of the innovation
Farmers of Dharmadi village made a bit change to the original innovation through introducing high yielding variety (HYV) instead of growing the indigenous rice genotypes. At that time the HYV was BR11. Again, instead of broadcasting jute and rice seeds together, they started a new practice as:
(a) Jute is seeded during March and MV rice is seeded in the same field in June to early July (as a relay crop).
(b) Unsprouted rice seed is broadcasted in the jute field when the jute plants grow about 4-5 ft. tall. Farmers take rice seed in a bag and broadcast as traditional way; and Mostly MV rice seed is broadcasted in the jute field when the crop land remains at least in the light wet condition or enough soil moisture available in order to grow MV rice as relay crop with jute. Nevertheless, this jute + MV rice relay cropping technology has gained popularity and estimates suggest that, the practice covers nearly 40% cropped lands of the study area (Alam et al., 2004) .
Bio-physical feature 3.4.1. Land type and soil type
The topographical situation of the village is described in Table 1 . The survey village is dominated by medium low lands (i.e. flooding depth of up to 180 cm) since 72% of the cropped lands of the village belong to this category. About 15% of the lands in the village fall under medium high lands where the flooding usually reaches up to only 90 cm. It was found from the survey results that, the majority of the cropped lands under Dharmadi village belong to the clay soil and nearly 65% of the land area falls under this soil category. Only 25% lands belong to the loamy soil. However, the proportion of cropped lands under sandy soil in the sample village was absolutely low (only about 3-4%).
Irrigation facility
Both deep tube well (DTW) and shallow tube well (STW) irrigation are available in the study village but in terms of irrigation coverage, the village is dominated by the STW irrigation facility since it covers almost 65% of the irrigated area. Since there is a canal running 
Cropping pattern and crops grown
There are several cropping patterns followed in the study village and the major patterns as reported by the sample farmers are presented in Table 2 . Fallow -MV Boro-MV Aman is the dominant cropping pattern in the village and almost one fourth of the cropped area is devoted to this pattern. Since the lion's share of the cropped lands belong to medium topography, majority of the farmers devoted lands for rabi crops in the winter season which is followed by Jute and modern variety (MV) Aman in the kharif I and II seasons. Data in Table 3 indicate that the study village is quite advance in terms of modern technology adoption. In the Boro season, the coverage of MVs is about 97%, while in the wet season 70% of Aman area is devoted to HYVs, which is higher than the national average of 58% (BBS,2005) . In case of the winter crops like wheat and mustard, 100% farmers adopted the HYVs implying that the status of technology diffusion through extension services is quite good in the study village. In case of jute-Aman production practice as a relay crop, modern varieties are adopted almost in 80% of the area. However, in the low lands B.Aman is grown as sequential crop after MV Boro and 95% of such area is covered by the local varieties (LVs).
3.6. Farmers' perceptions on jute+rice relay cropping Rice cultivation as relay cropping with jute favours improvement of soil fertility because this practice requires less tilling of lands and thus helps the crop lands from degradation. Farms having no irrigation equipments would prefer this practice.
On the contrary, those who do not follow this practice (rather follow jute-T.aman sequential cropping), might face problem in growing T. Aman since T. Aman needs irrigation some times during land preparation and also in mid to late October at the panicle initiation stage. 
Economics of the relevant cropping patterns
The costs and return structure for both the Jute + Rice relay cropping and Jute followed by T. Aman as sequential cropping pattern are furnished in Tables 5 and 6 . The costs of production for jute as mixed crop (with rice) and jute as single crop production are very similar. On the other hand, per hectare production cost of B. Aman as relay crop with jute is substantially lower (Tk13104/ha) compared to that for T. Aman cultivation (Tk18403/ha). This result is in good agreement with the findings of other earlier study (Alam et al., 2004) . Therefore, farmers have the scope of investing less money (worthing about Tk.5300/ha) for growing MV rice as relay cropping with jute, which could be one of the important attracting factors to the farming community for adopting this technology. In fact, cash investment is thought to be a major concern to the resource poor farming community of Bangladesh. However, cultivation of MV rice with jute appeared to be more profitable. The gross margin obtained in case of MV rice as direct seeded crop in jute field is much higher since it involves much lesser production costs.
In order to estimate the relative profitability of two different cropping patterns (for making a management decision), partial budget analysis was done. In this respect, the break down of economic advantage of growing MV rice was assessed separately for jute with rice as a pattern and for B. Aman (MVs) as a replacement for T. Aman as single enterprise and the results are presented in Tables 8 and 9 respectively. The analysis shows that, MV rice as relay crop with jute appeared to be more profitable than growing MV rice as sequential crop after jute, since farmers had been able to obtain about Tk.4021.00 per hectare through relay cropping instead of the sequential cropping method (Table  8) . Similarly, farmers of the same village could derive benefit of Tk 4186.00/ha more in growing MV rice as a relay crop with jute instead of growing MV rice as a mono crop T. Aman (Table 9) . gained popularity and the practice has been getting momentum since it renders several distinct advantages; (i) the technology requires less labour which is very costly now a days, (ii) needs less irrigation, (iii) because of early broadcasting, MV Aman can escape water stress during panicle initiation stage resulting in better plant growth and yield, and (iv) it involves much lesser cash investment in crop production. More over, jute + rice relay cropping saves soil from continuous degradation because this practice involves less tilling in growing crops.
The gross return from Jute +rice relay cropping was much higher compared to that of jute -rice sequential cropping. Partial budget analysis revealed that, farmers could derive benefit (profit) of Tk. 4021.00/ha through MV rice production as relay cropping with jute instead of following Jute-T .Aman production as sequential cropping.
Attempt may be taken by extension services to disseminate the jute + rice relay cropping in the similar other environments. This will help to enhance the productivity and income of the rural households.
